A field experiment was carried out in 2006-2008 at the Experimental Farm in Zawady, owned by the University of Podlasie. The experimental design was a split-plot arrangement of treatments with three replicates. The factors examined included: factor I -three sowing densities (75, 100 and 125 plants per 1 m 2 ), and factor II -five weed control methods (control -mechanical weed control and four herbicidebased treatments). The objective of the study was to determine the effect of weed control methods as well as sowing density on magnesium and calcium content in the seeds of edible pea (Pisum sativum L.) of Merlin cultivar.
The highest seed yield was obtained in the plots where weeds were chemically controlled (Afalon Dyspersyjny 450 SC was sprayed just after sowing and followed by an application of a mixture of Basagran 600 SL + Fusilade Forte 150 EC when plants were 5 cm high). The yield from this treatment was 4.84 t ha -1 , on average. The lowest yield was harvested in the plots where weeds were mechanically controlled (the control) -on average 2.92 t ha -1 .
Variance analysis showed significant influence of weed control methods and weather conditions on magnesium and calcium contents in pea seeds. The herbicides applied in the experiment increased concentrations of the above elements compared with the control. The highest magnesium content (1.389 g kg -1 ) in pea seeds was found in the plots where Afalon Dyspersyjny 450 SC was applied just after sowing at a dose of 1.5 dm 3 ha -1 and followed by a mixture of Basagran 600 SL at a dose of 2.0 dm 3 ha -1 + Fusilade Forte at a dose of 1.5 dm 3 ha -1 applied post-emergence. The highest calcium content was recorded for treatment 2, consisting of an application of Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 just after sowing and followed by post-emergence spraying with Basagran 600 SL at a dose of 2.0 dm 3 ha -1 -on average 0.989 g kg -1 . In turn, sowing density had no influence on the discussed characteristics although a tendency was observed towards increasing magnesium and calcium content in edible pea seeds.
INTRODUCTION
Magnesium is one of the essential elements which are extremely important for the proper functioning of human body. Magnesium is a catalyst involved in around 300 metabolic pathways. The human body is not able to synthesize magnesium and, as a result, the Mg amount and proportion in a diet should be adequately adjusted (USTYMOWICZ-FARBISZEWSKA et al. 2000) .
Appropriate nutrition is one of basic factors influencing the growth and development of organisms. Minerals play a significant role as they are both building blocks and regulators conditioning the course of a number of metabolic processes (STEFAÑSKA et al. 2003) .
Over the last years, a growing interest in vegetarian food has been observed, including seeds of leguminous plants (KORUS 2002) . Legume seeds are a valuable source of nutrients in the human diet as they supply minerals in addition to protein, carbohydrates and B-group vitamins. In many developed countries there is a tendency towards increased use of legume seeds in human nutrition. In Western Europe, an over threefold increase in legume seed consumption in the last years has been observed, reaching now about 3 kg per capita. In Poland, the level is much lower than recommended in the standards, i.e. 10-12 g per capita daily (PODLEOENY 2005) .
The objective of the study was to determine the effect of weed control methods as well as sowing density on magnesium and calcium contents in seeds of edible pea (Pisum sativum L.).
MATERIALS AND METHODS
A field experiment was conducted in 2006-2008 at the Experimental Farm in Zawady, owned by the University of Podlasie in Siedlce. The experimental design was a split-plot arrangement of treatments with three replicates. The following factors were examined: factor I -three sowing densities: 1 -75 plants per 1 m 2 ; 2 -100 plants per 1 m 2 ; 3 -125 plants per 1 m 2 , factor II -five weed control methods: 1. Control treatment -mechanical weed control (harrowing once between sowing and emergence, harrowing twice post-emergence and until the stage when plants were 5 cm high); 2. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 just after sowing); 3. Mechanical and chemical weed control (harrowing once pre-emergence, harrowing twice until plants were 5 cm high, then spraying with Basagran 600 SL at a dose of 2.0 dm 3 ha -1 ); 4. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 just after sowing followed by spraying with Basagran 600 SL at a dose of 2.0 dm 3 ha -1 when plants reached the height of 5 cm); 5. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 just after sowing followed by spraying with a mixture of Basagran 600 SL at a dose of 2.0 dm 3 ha -1 + Fusilade Forte at a dose of 1.5 dm 3 ha -1 when plants reached the height of 5 cm).
The edible pea cultivar Merlin, registered in 2001, was grown in the experiment. It is suitable for cultivation to harvest seeds for cooking or as animal feed. The experimental plots lie on light to medium soil, whose composition is similar to loamy fine sand, quality classes IVa and IVb, very good rye complex of soil.
Pea followed cereals (triticale, rye, triticale) in rotation. After harvesting the preceding crop, post-harvest cultivation treatments were performed and followed by winter ploughing in autumn. The first spring treatment was dragging, after which a cultivation unit was applied. Mineral fertilization with the complex fertilizer Polifoska 6 at a rate of 400 kg ha -1 was applied pre-plant.
Pea seeds were sown in the first decade of April at a row spacing of 25 cm. Harvest was performed when seeds reached the stage of full maturity. Seed yield was calculated on the basis of the weight of seeds harvested from an area of 20 m -2 and expressed in tones per 1 ha. After weighing, a representative seed sample was taken in order to determine thousandseed weight and perform chemical analyses. Magnesium and calcium contents were determined by atomic absorption spectrophotometry AAS.
The results were statistically analysed by means of variance analysis. Significance of sources of variation was checked using the F (Fisher-Snedecor) test and significance of differences between mean values was determined using Tukey's test at a significance level of P=0.05 (TRÊTOWSKI, WÓJCIK 1991) .
Variable weather conditions prevailed in each growing season of the study period (Table 1 
RESULTS AND DISCUSSION
The analysis of the results of the experimental factors demonstrated that the sowing density, weed control methods and weather conditions in the individual years had a significant impact on edible pea seed yield.
The highest average seed yield of 4.02 t ha 1 was obtained at the assumed sowing density of 125 plants per 1 m 2 . The lowest was the seed yield (on average 3.21 t ha -1 ) at the assumed sowing density of 75 plants per 1 m 2 . Similar results were reported by SAWICKI et al. (2000) as well as KOZAK and KOTECKI (2006) .
According to some authors (PODLEOENY et al. 1993 , KSIÊ¯AK 2007 , it is possible to obtain high yields when complex weed control is applied, which was confirmed in the present work. Compared with the control, significantly higher seed yields were obtained in the remaining plots, where either single herbicides or their mixtures were applied. The highest yield (on average 4.84 t ha -1 ) was recorded in treatment 5, where sowing was immediately followed by spraying with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 and then Basagran 600 SL at a dose of 2.0 dm 3 ha -1 + Fusilade Forte 150 EC at a dose of 1.5 dm 3 ha -1 , the mixture being applied when the plants reached the height of 5 cm. The lowest average yield of 2.92 t ha -1 was recorded in the control treatment, where mechanical weed control was applied. Weather conditions in each growing season influenced the yield of edible pea seeds ( Table 2 ). The highest yields were recorded in the growing seasons of 2007 and 2008. They reached 3.90 and 3.98 t ha -1 , respectively, and were significantly higher than the yield harvested in 2006 (3.09 t ha -1 ). According to ALVINO and LEONE (1993) , MICHALSKA (1995) , FOUGEREUS and DORE (1997) , SZWEJKOWSKA (2004) as well as BORÓWCZAK and RÊBARZ (2007) , weather conditions have great influence on the level of edible pea seed yield. Variance analysis indicated that there was a significant interaction between weed control methods and sowing density as well as study years and weed control methods. Thousand-seed weight (Table 3 ) was found to be significantly influenced by the sowing density, weed control methods and weather conditions. As for the sowing density, the highest thousand-seed weight was recorded for pea seeds harvested from the plots with the densities of 75 and 100 seeds per 1 m 2 -the mean value was 262.8 g; the lowest thousand-seed weight (259.0 g) was characteristic of the plots with the highest sowing density -125 seeds per 1 m 2 . The findings agree with the results obtained by KSIÊ¯AK (1996) as well as KOZAK and KOTECKI (2006) . In contrast, KULIGA et al. (1999) and SAWICKI et al. (2000) reported that plant density had no significant influence on the characteristic in question.
The weed control methods significantly influenced thousand-seed weight. The most favourable method, which affected the value of TSW, was the procedure based on Afalon Dyspersyjny 450 SC followed by a mixture KULIG et al. (1999) reported that thousand-seed weight was significantly affected by both precipitation and air temperature.
Statistically significant interactions of years and sowing density, and of years and weed control methods were found. The interactions indicate an individual response of sowing density to weather conditions as well as herbicides applied in the particular growing seasons.
The analysis of an impact of sowing density on magnesium content indicated no significant differences between magnesium concentrations, with the mean values ranging between 1.345 and 1.350 g kg -1 . The results were confirmed by KOTECKI and GRZ¥DKOWSKA (1997) .
The variance analysis revealed that weed control methods significantly influenced magnesium content in pea seeds (Table 4 ). The herbicides involved in treatment 3 (Basagran 600 SL), 4 (Afalon Dyspersyjny 450 SC + + Basagran 600 SL) and 5 (Afalon Dyspersyjny 450 SC + Basagran 600 SL + + Fusilade Forte 150 EC) significantly increased magnesium content compared with the control. Reduced magnesium content was recorded in treatment 2, where only Afalon Dyspersyjny 450 SC had been applied. The highest magnesium content (1.389 g kg -1 ) in pea seeds was recorded in the plots which, following sowing, were sprayed with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm 3 ha -1 and then a mixture of Basagran 600 SL at a dose of 2.0 dm 3 ha -1 + Fusilade Forte at a dose of 1.5 dm 3 ha -1 , applied post-emergence. Similar conclusions were reached by CISZEWSKA (1977) . In their studies, ZARZECKA et al. (2002) found a significant response of potato tubers, in terms of increased magnesium and calcium content, to an application of herbicides and their mixtures. By contrast, ADOMAS and PIOTROWICZ-CIEOELAK (2007) found no significant influence of an application of herbicides on the magnesium level.
The weather conditions in every growing season significantly affected magnesium content in pea seeds ( able precipitation and temperature distributions. In turn, the lowest magnesium content was obtained in the growing season of 2006, when precipitation was unevenly distributed in individual months. Marked fluctuations were recorded in June and July -the key months for the development and yield accumulation of edible pea. STÊPNIAK-SO£YGA and WOJTASIK (2003) reported significant influence of moisture conditions on seed mineral composition. The variance analysis showed that there was an interaction of sowing density and weed control methods.
Calcium content in pea seeds varied depending on sowing density. The highest content was obtained at the sowing density of 125 plants per 1 m 2 -on average 0.928 g kg -1 . In turn, the lowest was the content associated with the sowing density of 75 plants per 1 m 2 -on average 0.923 g kg -1 . However, the differences were not significant. The findings were confirmed in the studies by KOTECKI and GRZ¥DKOWSA (1997) .
The statistical calculations indicated that the herbicides applied in the experiment significantly increased the calcium content in pea seeds compared with the control (Table 5 ). The highest calcium concentration (0.989 g kg -1 ) was obtained in the pea seeds harvested from the plots where Afalon Dyspersyjny 450 SC, applied just after sowing at a dose of 1.5 dm 3 ha -1 , was followed by Basagran 600 SL at a dose of 2.0 dm 3 ha -1 , applied when plants were 5 cm high.
The weather conditions influenced the calcium content in edible pea seeds. The highest content, on average 0.975 g kg -1 , was recorded in 2007, when both precipitation and temperature distributions were favourable. The lowest calcium content, i.e. 0.848 g kg -1 , was found in 2006, when precipitation was unevenly distributed. The differences in Mg and Ca content linked to the impact of weather conditions were confirmed in the study by JADCZAK et al. (2006) . Significant influence of weather conditions on magnesium and calcium content was reported by ZARZECKA et al. (2002) . 
